Methyl anthranilate, a common flower volatile component, was found to be a potent attractant for four species of flower thrips, Thrips hawaiiensis, T. coloratus, T. flavus, and Megalurothrips distalis, irrespective of sex. Methyl anthranilate attracted significantly larger numbers of these four species than p-anisaldehyde, an already-known attractant for several species of flower thrips. The attractiveness of the related compounds varied between the species: Within 13 related compounds; two positional isomers and 11 functional-group-substituted compounds; o-anisidine and oaminoacetophenone for T. hawaiiensis, and methyl m-aminobenzoate, o-anisidine, methyl benzoate and methyl o-toluate for T. coloratus, were almost as attractive as methyl anthranilate. Meanwhile, no compounds except for methyl anthranilate were attractive to T. flavus and M. distalis.
INTRODUCTION
Colors and scents are used by flower-dwelling thrips as cues for detection of and orientation to their hosts (Terry, 1997) . Floral volatiles that commonly occur in plants have been examined to find chemical attractants for several species of thrips (Kirk, 1985 (Kirk, , 1987 Teulon et al., 1993) . Recent research efforts have concentrated on the western flower thrips Frankliniella occidentalis, and information on other species is still scarce (Teulon et al., 1993; Frey et al., 1994; Manjunatha et al., 1998; Pow et al., 1998; Koschier et al., 2000) .
Trapping experiments on scarab beetles revealed that thrips swarm around funnel traps baited with methyl anthranilate. Methyl anthranilate is a floral scent component in several plants (Knudsen et al., 1993) and along with its related compounds is attractive to the soybean beetle (Imai et al., 1997; Maekawa et al., 1999) . Subsequently, attraction was examined through field trapping experiments using sticky traps in Okayama. The experiments in Okayama revealed that two species of thrips, Thrips hawaiiensis and T. coloratus, and their parasitoid wasp Ceranisus menes were attracted to this compound and this attractiveness was much higher than the already-known attractants, p-anisaldehyde and geraniol (Murai et al., 2000) . In this study attractiveness of methyl anthranilate, together with related compounds, was further examined in Yokohama to elucidate the essential chemical structure for the attraction of each target species.
MATERIALS AND METHODS

Chemicals.
The structures and sources of compounds used in this study are listed in Table 1 . Compounds, except for methyl m-aminobenzoate (3), were obtained from commercial sources (Table  1) . Methyl m-aminobenzoate (3) was prepared by conventional esterification using an HCl-acidified excess methanol solution.
Traps and lures. A green plastic plate (80ϫ200 mm, 3 mm thick) with a 30ϫ40 mm hole on the top, into which a lure bottle was attached, was used as a sticky trap. This trap color (green) has already Attractiveness of methyl anthranilate and its related compounds to the flower thrips, Thrips hawaiiensis (Morgan), T. coloratus Schmutz, T. flavus Schrank and Megalurothrips distalis (Karny) (Thysanoptera: Thripidae) been shown to catch fewer flower thrips than several other colors (Kirk, 1984) . The lower part of the plate was covered with an 85ϫ120 mm polyethylene bag that was sprayed with polybutene sticky agent (KINRYU-Spray; Maruzen Kako, Co., Ltd., Tokyo). Test compounds (1 g), except for solid compounds 4 and 6, were absorbed in polyethylene-vinyl acetate copolymer pellets (4 g). Solid compounds 4 and 6 (1 g) were sealed with polyethylene film (0.04 mm thick) punctured with a fine needle. The compounds were set in plastic bottles (30 mmfϫ40 mm) with meshed bottoms and attached to the sticky trap.
Field test. Tests were conducted in a field in Yokohama, where various vegetables (cucumber, eggplant, maize, pumpkin, soybean, okra, etc.) were being cultivated, during August 10-16, 1998. Traps were linearly arranged around a plot outside of the crop areas, approximately 2 m apart at a height of 1 m. Traps were rotated daily. Thrips trapped in sticky surfaces of polyethylene bags were recovered by washing with xylene, identified under a stereoscopic microscope and counted. Male Thrips spp. were not separately counted because of the difficulty in discrimination under a stereoscopic microscope, although a part of them were mounted in slides for microscopy and identification. Capture data were transformed to log(xϩ1) to normalize variances. Multiple means were separated with ANOVA followed by Tukey-Kramer test (pϽ0.05).
RESULTS AND DISCUSSION
The catches of thrips in traps baited with test compounds are shown in Table 2 . Four species of flower thrips, Thrips hawaiiensis, T. coloratus, T. flavus and Megalurothrips distalis were captured in the traps baited with methyl anthranilate (1), whereas few thrips were captured in the unbaited traps. The number of thrips trapped with methyl anthranilate (1) was significantly larger than that with p-anisaldehyde (15), an already documented attractant for flower thrips including T. flavus (Kirk, 1985) . The males of these three Thrips species were also observed in the catch, although males were not separately counted. The sex ratio in the catch was biased toward females, but the ratio 476 T. Imai et al. in field populations was not examined. The results in Yokohama coincide well with those in Okayama (Murai et al., 2000) , except for the number of species attracted; T. flavus and M. distalis were not captured in Okayama whereas the parasitoid wasp, Ceranisus menes was not captured in Yokohama. Thrips that were attracted to methyl anthranilate (1) showed various responses to related compounds. For female T. hawaiiensis eight compounds (2, 7, 8, 9, 10, 12, 13 and 14) exhibited significantly larger catches than the untreated controls, and two of them; o-anisidine (7) and oaminoacetophenone (8); exhibited almost as large a response as methyl anthranilate (1). These three active compounds have aminobenzene in the common partial structure and methoxylcarbonyl-Ն methoxy-ϭacetyl-as another functional group at the ortho-position in the benzene ring (the rank order of activity). For female T. coloratus five compounds (3, 7, 9, 10 and 12) exhibited significantly larger catches than the untreated controls, and four of them; methyl m-aminobenzoate (3), o-anisidine (7), methyl benzoate (9), and methyl o-toluate (10); exhibited almost as large a response as methyl anthranilate (1). Two of the five active compounds (1 and 7) are common to T. hawaiiensis, and the others (3, 9 and 10) have different partial structures, i.e. the meta-isomer of methyl anthranilate (1) and methyl-or non-substituted hydrogen at the orthoposition of methoxycarbonylbenzene. For female T. flavus and M. distalis no compounds except for methyl anthranilate exhibited attractiveness. The pattern of unsorted male Thrips spp. was identical to that of female T. hawaiiensis, the most dominant species in the catch. Consequently, for these four thrips species, irrespective of sex, methyl anthranilate (1) was the most attractive of the test compounds, although the catches in traps baited with this compound were miscellaneous and laborious to be sorted. The use of selective attractants, i.e. oaminoacetophenone (8) for T. hawaiiensis and methyl m-aminobenzoate (3) for T. coloratus, combined with unattractive-colored traps, should save labor in sorting to some extent.
The thrips that were attracted to methyl anthranilate are the dominant species in fields and have wide host ranges including cropping plants (Miyazaki and Kudo, 1988) . They are listed as minor pests of ornamental plants and fig fruits in Japan (Umeya et al., 1988; Mutou, 2000) . In Taiwan, T. hawaiiensis is an important pest of banana causing fruit skin injuries that reduce market value (Chang, 1995) . Traps could greatly assist sampling programs for these pests, which are difficult to detect in the early stages of infestation due to their small size and cryptic behavior. The use of methyl anthranilate and its related compounds improves the trapping efficacy and may contribute to accurate detection of these highly cryptic pests.
